1. Introduction
===============

Primary hepatocellular carcinoma (HCC) is one of the most common malignant neoplasms, the morbidity and mortality of which respectively ranks the 5th and the 2nd in malignant tumors worldwide.^\[[@R1]\]^ HCC is particularly prevalent in the South and Southeast Asia, in which covering more than 50% of diagnosed cases all over the world.^\[[@R2]\]^ Moreover, hepatitis is a great challenge in China, and there are about 1.3 million hepatitis B virus (HBV) carriers.^\[[@R3]\]^ But till now, the pathogenesis of HCC is still unclear. It was though that the epigenetic changes in the DNA methylation might play an important role in the occurrence and development of HCC.^\[[@R4]\]^ Studies have showed that the methylation disorders for the inactivation of tumor suppressor genes are the one common reason for the occurrence of liver cancer. The abnormal methylation of CpG-islands in the promoter region of the multiple tumor suppressor 1 (*p16*) gene has been observed in the tumorigenesis, hyperplasia, and metaplasia.^\[[@R5]\]^ Park et al^\[[@R6]\]^ have showed that the methylation of human runt-related transcription factor 3 (*Runx3*) gene was an important event in the early tumorigenesis of liver cancer. Besides, the abnormal methylation of scavenger receptor class A, member 5 putative (SCARA5) promoter played an important role in the development and progression of HCC.^\[[@R7]\]^ The low expression of secreted glycoprotein 2 (*SLIT2*) gene in the liver cancer has also been found; however, its function remains to be further studied.^\[[@R8]\]^

The methylation detection of the 4 genes in a combination in the liver cancer genomes has not been well studied. In this study, the methylation status of *p16*, *SLIT2*, *SCARA5*, and *Runx3* gene in HCC patients were detected by pyrosequencing. And the correlation between the methylation and HCC occurrence was analyzed. Our findings may provide experimental evidence for identifying new marker for early diagnosis of HCC.

2. Material and methods
=======================

2.1. Patients
-------------

Twenty-five patients with HCC were enrolled from June 2014 to June 2015 in Affiliated Tumor Hospital of Xinjiang Medical University. There were 13 male patients (52.0%) and 12 females (48.0%). The average age was 56.36 ± 8.85 years old. The diagnosis of HCC was determined according to the latest published diagnostic criteria of liver cancer by Anti-Cancer Association.^\[[@R9]\]^

Based on the "Harvard Cancer Risk Index"^\[[@R10]\]^ and the common cancer epidemiological data of China^\[[@R11]\]^ in the past 20 years, we developed a comprehensive cancer risk evaluation system^\[[@R12]\]^ suitable for Chinese population using the formula recommended by the Harvard Cancer Risk Index and evaluated the risk of cancer. Based on this evaluation system, the cut-off value of the risk level was determined after analyzing and assigning values to the epidemiological risk factors, including basic information, eating habits, living environment, lifestyle and habits, psychology and emotion, past history of liver and gallbladder disease (including chronic hepatitis B, chronic hepatitis C, liver cirrhosis, fatty liver, other liver diseases, etc.), and family history of liver cancer. And, the population with cut-off value of 2.0 was defined as the high-risk population for HCC. Finally, 25 patients with high risk of HCC were also enrolled in this study as the "internal control group," all were determined by the "China Urban Cancer Early Disease Prevention and Treatment Project Anti-cancer Risk Assessment Questionnaire." And 25 healthy subjects were enrolled as "external control group." The average age of the subjects in the internal control group was 55.52 ± 8.47 years old and in the external control group 56.48 ± 7.66 years old. The ratios of male to female in both control groups were similar to that of HCC patient group.

Prior written and informed consent were obtained from every patient, and the study was approved by the ethics review board of Affiliated Tumor Hospital of Xinjiang Medical University.

2.2. Questionnaires and biochemical markers
-------------------------------------------

The questionnaires of Influencing Factors for HCC were designed based on the "Cancer Risk Assessment Questionnaires for Early Diagnosis and Treatment of Cancer in Urban."^\[[@R10]\]^ The investigators were trained to perform the epidemiological survey in one-to-one case. The alpha fetal protein (AFP) and hepatitis B surface antigen (HBsAg) in blood samples were detected by enzyme-linked immune sorbent assay (ELISA).^\[[@R13],[@R14]\]^

2.3. The extraction of genomic DNA
----------------------------------

Briefly, 1 mL blood sample was collected from the subjects with 5% EDTA for anticoagulation. The genomic DNA was extracted by Human Whole Blood Genomic DNA Extraction Kit (TIAGEN biotech, Beijing, China) according to the instructions.

2.4. The sulfitation of DNA
---------------------------

Genomic DNA was subjected to sulfite treatment according to the instructions of DNA Methylation-Gold kit (Tiagen, Beijing, China). After the sulfitation DNA was purified and stored at −20 °C until use.

2.5. Measurement of DNA methylation
-----------------------------------

The primers for *p16*, *SLIT2*, *SCARA5*, and *Runx3* genes were designed according to a previous report^\[[@R15]\]^ using PyroMark Assay Design 2.0 (QIAGEN, Hilden, Germany) and synthesized by Life Technology Inc. (ThermoFisher, CA). The primer sequences were shown in Table [1](#T1){ref-type="table"}. The PCR was performed with EPIK Amplification Kit (Qiagen, Hilden, Germany) according to the provided instructions. The 25 μL PCR system included 2×EPIK Amplification Mix (12.5 μL), upstream primer (0.6 μL), downstream primer (0.6 μL), DNA template (0.5 μL), and ddH~2~O (10.8 μL). The conditions of PCR amplification were as follows: 95 °C for 2 minutes; 95 °C for 15 seconds, 56 °C for 15 seconds, and 72 °C for 30 seconds, 40 cycles; 4 °C holding. Pyrosequencing was performed on PyroMark Q96 real-time quantitative pyrophosphate sequence analyzer (Qiagen, Hilden, Germany).
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Primers for *p16*, *SLIT2*, *SCARA5*, and *Runx3* genes.

![](medi-96-e8279-g001)

The average methylation rate of each group was calculated. As the methylation loci are different in each gene, the average methylation rate at different sites can be calculated. The background value of methylation was set to 0% to 5%. The methylation was determined when the index was ≥5%.^\[[@R16]\]^

2.6. Statistical analysis
-------------------------

SPSS17.0 (IBM) statistical package was used to analyze the data. Count data were analyzed by chi-square test. Multiple sets of individual measurement data were compared with single factor analysis of variance. The F test was used to compare the variance. The Dunnett method was used for multiple comparisons. Welch approximate F test was used for variance. And Dunnett T3 method was used for multiple comparisons. *P* \< .05 was considered statistically significant. The methylation rates of CpG loci were analyzed by homogeneity of variance test.

3. Results
==========

3.1. The characteristics of the study cohort
--------------------------------------------

The epidemiological characteristics of the patients were collected and analyzed. As shown in Table [2](#T2){ref-type="table"}, there were no significant differences in age, gender, ethnicity, and educational level among the 3 groups (*P* \> .05). There were significant differences in occupation, occupational exposure, and per capita income among the three groups (*P* \< .05). Additionally, the medical history was also analyzed and the results were shown in Table [3](#T3){ref-type="table"}. There were significant differences among the 3 groups in the presence of HBV, liver cirrhosis, AFP (+), and HBsAg (+) (*P* \< .05). But there was no significant difference in fatty liver, hypertension, diabetes mellitus, and BMI among the 3 groups (*P* \> .05). Thus, HBV, liver cirrhosis, AFP (+), and HBsAg (+) may be the influencing factors to HCC.
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Demographic characteristics of included subjects.
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The comparison of medical history of included subjects.
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3.2. The analysis of CpG islands
--------------------------------

The methylation of the following CpG islands was analyzed. Specifically, these CpG islands included the 17--23 locus in the 3rd methyl island (nt21974846-nt21974981) upstream of the transcription start site of *p16* gene, the 46--53 locus of the 1st methyl island (nt24931240-nt24931399) upstream of the transcription start site of *Runx3* gene, the 24--28 locus in the 1st methylated island (nt27992469-nt27992738) upstream of the *SCARA5* gene transcription start site, and the 129--132 locus in the 2nd methyl island upstream (nt20253337-nt20253571) of the *SLIT2* gene transcription.

3.3. The preparation of pyrophosphate sequencing template and pyrosequencing
----------------------------------------------------------------------------

Gel electrophoresis (120 V, 15 minutes) was carried out in 1.5% agarose. The pyrophosphate sequencing template for *p16*, *Runx3*, *SCARA5*, and *SLIT2* was successfully constructed. As shown in Fig. [1](#F1){ref-type="fig"}, the expected length of the amplified fragments was 135, 159, 269, and 234 bp, respectively. The methylation of *p16*, *Runx3*, *SCARA5*, and *SLIT2* genes was sequenced. The results of sequencing analysis were shown in Fig. [2](#F2){ref-type="fig"}.

![Electrophoresis results for pyrophosphate sequencing template. The target gene was amplified by using the primers based on the sulfite-treated pyrophosphate sequencing template. The results showed that *p16*, *Runx3*, *SCARA5*, and *SLIT2* pyrophosphate sequencing templates were successfully amplified. p16 = multiple tumor suppressor 1, Runx3 = human runt-related transcription factor 3, SCARA5 = scavenger receptor class A, member 5 putative, SLIT2 = secreted glycoprotein 2.](medi-96-e8279-g004){#F1}

![Sequencing analysis of the methylation regions. After pretreatment of the PCR template, the methylation regions of *p16*, *Runx3*, *SCARA5*, and *SLIT2* genes were sequenced. The results of each sample sequencing analysis were shown. (A) *p16*, (B) *Runx3*, (C) *SCARA5*, and (D) *SLIT2*. p16 = multiple tumor suppressor 1, PCR = polymerase chain reaction, Runx3 = human runt-related transcription factor 3, SCARA5 = scavenger receptor class A, member 5 putative, SLIT2 = secreted glycoprotein 2.](medi-96-e8279-g005){#F2}

3.4. The methylation of *p16* gene
----------------------------------

There was no methylation in sites of CpG2, CpG3, CpG4, CpG5, and CpG6 in *p16* gene in the 3 groups. And, the methylation rates of CpG1 and CpG7 in the 3 groups were not significantly different. Thus, there were no significant differences in the methylation of all the 7 CpG sites of *p16* gene.

3.5. The methylation of *SLIT2* gene
------------------------------------

Homogeneity of variance test was performed to analyze the methylation rates of CpG1, CpG2, CpG3, and CpG4 loci in *SLIT2* gene. The results were F1 = 1.048, P1 = 0.356, F2 = 0.420, P2 = 0.659, F3 = 0.673, P3 = 0.514, and F4 = 1.580, P4 = 0.216, respectively, indicating that the variance had homogeneity. And, there were no significant differences in the methylation of four loci in *SLIT2* gene among the 3 groups (*P* \> .05) (Table [4](#T4){ref-type="table"}).
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The methylation rate of CpG islands in *SILT2* gene (%).
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3.6. The methylation of *SCARA5* gene
-------------------------------------

The methylation rates of CpG1, CpG2, CpG3, CpG4, and CpG5 loci in *SCARA5* gene were analyzed by homogeneity of variance test. The results were F1 = 1.324, P1 = 0.261, F2 = 1.127, P2 = 0.330, F3 = 1.442, P3 = 0.244, F4 = 0.418, P4 = 0.660, and F5 = 0.100, P5 = 0.905, respectively. Thus, there was homogeneity of variance. As shown in Table [5](#T5){ref-type="table"}, there were no significant differences in the methylation of CpG1, CpG3, CpG4, and CpG5 in *SCARA5* gene between the 3 groups (*P* \> .05). However, there was significant difference in the methylation of CpG2 loci, suggesting that the CpG2 locus may be involved in the epigenetic regulation of HCC.
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The methylation rate of CpG islands in *SCARA5* gene (%).
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3.7. The methylation of *Runx3* gene
------------------------------------

The methylation rates of CpG1, CpG2, CpG3, CpG4, CpG5, CpG6, CpG7, and CpG8 loci in *Runx3* gene were analyzed by homogeneity of variance test. The results showed that there was homogeneity of variance, with F1 = 1.341, P1 = 0.268, F2 = 0.144, P2 = 0.866, F3 = 0.822, P3 = 0.443, F4 = 0.515, P4 = 0.600, F5 = 1.552, P5 = 0.219, F6 = 3.268, P6 = 0.044, F7 = 1.399, P7 = 0.253, and F8 = 1.723, P8 = 0.186, respectively. The methylation rate of CpG6 and CpG7 in *Runx3* gene was not statistically significant (*P* \> .05) (Table [6](#T6){ref-type="table"}). However, the methylation rate of CpG1, CpG2, CpG3, CpG4, CpG5, and CpG8 were significantly different (*P* \< .05), which may be involved in the epigenetic regulation of HCC.

###### 

The methylation rate of CpG islands in *Runx3* gene (%).
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3.8. The relationship of CpG island methylation in *Runx3* and *SCARA5* genes with clinical features of HCC patients
--------------------------------------------------------------------------------------------------------------------

We analyzed the relationships of the methylation status of *Runx3* and *SCARA5* genes with the clinical features of HCC patients, including the age, gender, HBV, liver cirrhosis, AFP, and HBsAg. The *Runx3* gene in all of the 25 cases showed hyper-methylation in all the 25 cases of HCC patients. The methylation rate was 100%, with no statistically significant difference. Both *Runx3* and *SCARA5* genes showed no significant relationships to the clinical features of patients with HCC (*P* \> .05) (Table [7](#T7){ref-type="table"}). This data indicate that the CpG island methylation in *Runx3* and *SCARA5* gene was not associated with the clinical features of HCC patients.

###### 

The correlation between the CpG2 methylation of SCARA5 and the clinical feature of HCC patients.
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4. Discussion
=============

In this study, we found the potential risk factors for HCC. The occupation, occupational exposure, and per capita income distribution were different among the 3 groups, consistent with the study of Clifford et al.^\[[@R17]\]^ The rates of HBV infection, liver cirrhosis, AFP (+), and HBsAg (+) were different among the 3 groups, which was consistent with the study reported by Zhang et al.^\[[@R18]\]^ And the above mentioned factors may be closely related with HCC.

Pyrosequencing has become one of the most suitable techniques for the quantitative detection of DNA methylation in clinical diagnosis.^\[[@R19]\]^ Studies have shown that the methylations of *p16*, *Runx3*, *SLIT2*, and *SCARA5* genes are closely related to the development of other cancers.^\[[@R20]--[@R23]\]^ In this study, the methylation status of different CpG sites in *p16*, *SLIT2*, *SCARA5*, and *Runx3* genes were detected. The methylation levels of the 7 sites in *p16* gene were very low. This inconsistence may because of that the methylation level of *p16* is high in tumor, but low in blood, and further studies with larger sample sizes are warranted to clarify this issue.

We also detected the methylation in *SLIT2* gene, which showed there was no statistically significant difference among the 3 groups. It was necessary to further extend the sample size to verify the differences of the methylation in SLIT2.

Cheng et al^\[[@R24]\]^ reported that SCARA5 methylation rate was 60.7% in HCC, significantly higher than the adjacent tissue 11.6%. Studies have shown that SCARA5 is closely related to the invasion and migration of cancer and overexpression of SCARA5 may inhibit the proliferation, aggregation, and metastasis of multiple tumor cell.^\[[@R23],[@R25]\]^ Consistently, we found that the methylation of CpG2 in *SCARA5* gene was statistically significant. These results suggested that the methylation of CpG2 in *SCARA5* gene might be involved in the epigenetic regulation of HCC.

*Runx3* is tumor suppressor gene. Its methylation or expression is abnormal in a variety of human tumors.^\[[@R26]--[@R28]\]^ Zhang and Yun^\[[@R28]\]^ reported that the methylation of Runx3 promoter region was closely related to the early stage of HCC and could be used as a molecular marker for early diagnosis of HCC and a target for molecular therapy. A meta-analysis demonstrates a strong association between RUNX3 promoter methylation and HCC risk.^\[[@R29]\]^ Our results were consistent with these reports. However, unlike this meta-analysis, we further analyzed the methylation of the specific gene loci of Runx3. We found that the methylation of CpG2, CpG3, CpG4, CpG5, and CpG8 locus in the *Runx3* gene were significantly different among the 3 groups, indicating that the 6 loci of *Runx3* gene might been involved in the epigenetic regulation of HCC. Thus, the abnormal methylation of Runx3 in plasma may provide a new screening marker for liver cancer patients.^\[[@R30]\]^ Furthermore, we found that there was no significant correlation between the methylation of *SCARA5* and *Runx3* gene and the clinical feature of HCC patients. Whether Runx3 and SCARA5 could be used as molecular markers for the early diagnosis of liver cancer needs to be further investigated.

This study has several limitations. First, due to limited materials, only the 4 representative genes of *p16*, *Runx3*, *SLIT2*, and *SCARA5* were analyzed. Second, the methylation status of these genes is not specific for HCC. Third, due to the limitation of time and research funding, the samples of the study were slightly insufficient, and the study population needs to be further improved.

In conclusion, we analyzed that the methylation of *p16*, *SLIT2*, *SCARA5*, and *Runx3* in liver cancer and found that *Runx3*, *SCARA5* gene could be used as molecular markers for the early diagnosis of liver cancer. It is of great value in the early diagnosis and prognosis of HCC.
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